PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNA 1 lUiNAi* nrruvnuvi' . w^^^ 
(51) International Patent Classification 0 : 




(11) International Publication Number: 


WO 97/30749 


A61M 37/00 


Al 


(43) International Publication Date: 


28 August 1997 (28.08.97) 



(21) International Application Number: PCT/US97/02264 

(22) International Filing Date: 14 February 1997 (14.02.97) 



(30) Priority Data: 

08/606,109 



23 February 1996 (23.02.96) US 



(71) Applicant: ABBOTT LABORATORIES [US/US]; CHAD 

0377/AP6D-2, One Abbott Park Road. Abbott Park, IL 
60064-3500 (US). 

(72) Inventors: ELSTROM, Tuan, A.; 12780 W. Sanctuary Lane. 

Lake Bluff, IL 60044 (US). SHAIN, Eric. B.; 459 Grove 
Street. Glencoe. IL 60022 (US). HENN1NG. Timothy. P.; 
189 Sheffield Lane. Vemon Hills. IL 60061 (US). 

(74) Asents: WEINSTEIN. David. L. et al.; Abbott Laboratories. 
CHAD 0377/AP6D-2. 100 Abbott Park Road, Abbott Park. 
IL 60064-3500 (US). 



'MKiuiinj ltwivj. * i »- 

DK. ES. Fl. FR. GB, GR. IE. IT. LU, MC. NL. PT. SE). 



Published 

With international search report. 



(54) Title: TRANSDERMAL TRANSPORT USING ULTRASONIC STANDING WAVES 
(57) Abstract 

a for the saropline of extracellular fluid across the skin of an animal involves establishing an ultrasonic standing wave across 

the *£ anTcolS iSfSmSL. Sampling can be enhanced by combining the use of ultrasound wrth the app h» * .gmri 
SL™ » the surfacf of the skin. An apparatus includes an ultrasonic transducer, a reflector and an absorbent matenal for collecting 
£5? Tne app^tus St further include a pressure component for reducing hydrostatic pressure on the *» surface. 



FOR THE PURPOSES OF INFORMATION ONLY 



applicatS^uS St2tCS PMty l ° *" ^ OT fron ' pagCS « P am P Wets P-*** Clonal 



AM 

AT 

All 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CC 

CH 

a 

CM 
CN 

cs 

C2 

DE 

DK 

EE 

E5 

FI 

FR 



Armenia 

Austria 

Australia 



Belgium 

Burkina Faso 

Bulgaria 

Beam 

Brazil 

Belarus 

Canada 

Centra) African Republic 

Congo 

Switzerland 

Cote d'lvoire 

Cameroon 

China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

France 



GB 

GE 

GN 

GR 

HU 

IE 

IT 

JP 

KB 

KG 

KP 

KR 
KZ 
U 

uc 

LR 
LT 
LU 
LV 
MC 
MO 
MG 
ML 
MN 



United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kyrgystan 

Democratic People's Republic 
of Korea 

Republic of Korea 
Kazakhstan 
Liechtenstein 
Sri Lanka 
Liberia 



Luxembourg 
Latvia 



Republic of Moldova 

Madagascar 

Mali 

Mongolia 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SC 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


LA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VM 





0 



WO 97/30749 PCT/US97/02264 

TRANSDERMAL TRANSPORT USING ULTRASONIC STANDING 

WAVES 

Fiplri of the. Invention 
5 The disclosure relates to the transdermal sampling of extracellular 

fluid. The present disclosure provides an apparatus and process for the 
enhanced transdermal transport of drugs or other substances using 
ultrasound standing waves. 

10 Rarkpround o f the Invention 

Conventional sampling methods for collecting body fluids typically 
involve invasion of the organism (e.g., physical disruption of the skin). 
Such invasive processes are both painful and messy. The difficulty and 
pain involved with the process provides a disincentive to the patient to 

1 5 perform the procedure. 

Several techniques have been reported that involve little or 
minimal invasion of the skin. Exemplary such techniques are 
sonophoresis, iontophoresis and vacuum. 

The use of iontophoresis requires using electrodes containing 

2 0 oxidation-reduction species as well as passing electric current through 

the skin. Iontophoresis has also been used to increase skin 
permeability. Despite the effective use of iontophoresis for skin 
permeation enhancement, there are problems with irreversible skin 
damage induced by the transmembrane passage of current. 

2 5 Vacuum has been reported to draw fluid transcutaneously while 

avoiding the complications of invasive procedures. The use of vacuum 
to extract fluid across the skin is limited because of the relative 
impermeability of the stratum corneum. 

The art discloses methods of using ultrasound traveling waves to 

3 0 enhance the rate of permeation of a drug medium into a selected area 

of contact of an individual or to enhance the rate of diffusion of a 
substance through the area of contact of an individual. The use of 
ultrasound traveling waves may induce localized skin heating. 

Thus, there continues to be a need to provide a process and 
3 5 apparatus for sampling extracellular fluid across the skin of an animal. 

The present disclosure provides ultrasonic standing waves to 
enhance permeation and mass transport through skin. While prior art 
techniques use ultrasonic traveling waves to enhance permeation of the 
skin, traveling waves do not enhance mass transport of the interstitial 
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fluids. Standing waves on the other hand may promote permeation as 
well as mass transport. High velocity gradients exhibited by a standing 
wave sound field can provide enhanced mass transport specifically at 
boundary layer and at air-fluid interfaces within the structures of skin. 
5 Furthermore, standing waves differ from traveling waves in 

radiation force. As understood in the art, radiation force is the time- 
average force exerted on a rigid spherical object immersed in a sound 
field over a number of cycles. In other words, the radiation force of a 
traveling wave is the gradient of the kinetic energy density minus the 
10 gradient of the potential density plus a phase factor. In contrast, the 
sum of the kinetic and potential energy density of a standing wave is 
independent of distance, and so their gradients are equal in magnitude 
but opposite in sign. The phase factor equals zero since it is constant 
with distance. Thus, the force for the standing wave is a constant times 
5 the gradient of the potential energy density whose maximum is equal to 
twice the potential energy density. 

For example, in a traveling wave of pressure amplitude A, a 
particle is acted on by a small steady state force in the direction of the 
wave. If the wave is uniform, then the force is the same independent of 
0 the particle's position. However, in a standing wave the total pressure 
amplitude varies in space or position. The maximum amplitude is 2A 
and occurs in planes spaced at a half-wavelengths apart. The radiation 
force on the particle varies in both magnitude and direction. The force 
reverses direction every quarter wavelength. 
5 The ratio of the maximum standing wave radiation force to the 

traveling wave value is approximately (l/kR)3, where R is the particle 
radius and k is 6.28 divided by the wavelength. The wavelength in soft 
tissue is about 1.5/f millimeters, where f is the frequency in MHz (e.g. 
at 1 MHz the wavelength is 1.5 millimeters). If the radius of a particle is 
0 .01 mm and the wavelength is 1.5 mm, one obtains 0.042 for kR, 

.000073 for (kR)3, and 13,600 for (l/kR)3. As is apparent, the radiation 
force produced by a standing wave relative to a traveling wave is 
significant. While the radiation force is calculated for rigid spherical 
particles, the relationship is applicable to small biological particles such 
as blood cells, intracellular bodies such as chloroplasts, and 
mitochondria, as these cells and organelles exist in vivo , since these 
structures in which they are located are comparable to a suspending 
medium. Thus, the radiation force is applicable to biological structures 
existing within animal skin. 
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There are several advantages to the use of standing waves in 
enhancing skin permeability and mass transport for diagnostic 
sampling. First, the energy required for diagnostic sampling is less than 
that required for traveling wave techniques. This is evident with the 
5 fact that the radiation force generated by a standing wave is larger in 
comparison to a traveling wave of the same energy. Second, a standing 
wave using significantly less intensity but effectively producing the 
necessary permeability and, in addition mass transport effects, would 
alleviate the danger of bioacoustic effects. In addition, acoustic sources 
1 0 of low energy typically require less electrical power and are more 
amenable to miniaturization. Finally, the acoustic effect of standing 
waves can be localized within the stratum corneum, which is the rate- 
limiting barrier to transport in skin, while low frequency traveling 
waves tend to penetrate deeply into skin significantly beyond the 

1 5 stratum corneum. This can potentially cause undesirable bioeffects at 

bone-tissue interfaces that produce discomfort to a subject undergoing 
treatment, e.g., drug delivery or extracellular-fluid-extraction for 

, diagnostic purposes. 

The present disclosure provides, in part, a surface-acoustic-wave 

2 0 (SAW) device to generate standing waves within the stratum corneum 

region as a means for enhancing permeability and mass transport of 
analytes across the skin. A SAW device provides safe-coupling of sound 
field adjacent to skin since the electrodes needed to excite the waves 
are mounted on the opposite side of the acoustic device away from skin. 

Brief Description of t he Drawings 

In the drawings, which form a portion of the specification: 
Figure 1 illustrates one embodiment of an apparatus of the 

invention for the transdermal transport of extracellular fluid. 

30 

Summary nf the Invention 

In one aspect, the present invention provides a process of 
sampling extracellular fluid across the skin of an animal comprising 
establishing an ultrasonic standing wave across the skin and collecting 

3 5 fluid transudate. 

In a preferred process of the invention, the standing wave is 
generated by a surface acoustic wave device. 

In alternate processes of the invention, the standing wave is 
established by generating an ultrasonic wave of a given wavelength 

3 
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from an ultrasound transducer located at a first position on the external 
surface of the skin and reflecting that wave from an ultrasound 
reflector located at a second position on the surface of the skin, wherein 
the half-trip distance of ultrasonic wave travel between the first and 
second location is equal to integer multiple number of half- 
wavelengths. Optionally, the pressure on the surface of the skin in the 
vicinity of the ultrasonic standing wave may be reduced, preferably by 
applying a partial vacuum to the surface of the skin. 

The invention further provides an apparatus for the transdermal 
sampling of extracellular fluid. In a preferred apparatus of the 
invention, the standing wave is generated by a surface acoustic device 
and includes means for collecting transudate. 

In alternate embodiments, the apparatus includes means for 
generating an ultrasonic wave through the skin of an animal, means for 
reflecting the ultrasonic wave sonically aligned with the means for 
generating the wave such that when the apparatus is positioned on the 
skin the half-trip distance of ultrasonic wave travel between the means 
for generating and the passive reflector is equal to integer multiple 
number of half-wavelengths, and means for collecting transudate 
Optionally, the pressure on the surface of the skin in the vicinity of the 
ultrasonic standing wave may be reduced, preferably by applying a 
partial vacuum to the surface of the skin. 

In preferred embodiments of this aspect of the invention, the 
reflector may be a passive reflector sonically aligned with the 
transducer such that, when the apparatus is positioned on the skin, the 
half-trip distance of wave travel between the transducer and the 
passive reflector is equal to integer multiple number of half- 
wavelengths. In other preferred embodiments, the reflector is a second 
transducer, sonically aligned with the first transducer such that, when 
the apparatus is positioned on the skin, the half-trip distance of 
ultrasonic wave travel between the two transducers satisfies the 
multiple number of half- wavelength resonant condition. 

Detailed D escription 

The present disclosure provides an apparatus and process for 
enhancing permeability and mass transport through skin, preferably 
the skin of a human. The apparatus comprises a device suitable to 
produce standing waves within the region of the stratum corneum The 
process includes steps of establishing standing waves within skin and 

4 
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transport of compounds contained in fluid transudate to appropriately 
positioned sensors for detection and/or analysis of the compounds. 

Any compound which can be delivered to the body through the 
skin or can be sampled from the body via the skin is suitable for use or 
5 detection by the processes and devices disclosed herein. Among such 
compounds well known in the art are compounds of clinical and/or 
therapeutic significance, such as glucose, cholesterol, insulin, estradiol, 
and other hormones or proteins, potassium, sodium, calcium, etc. The 
preferred compound is glucose. 
1 0 As used here, the term "ultrasound" means ultrasonic radiation of 

a frequency above 20 kHz. Ultrasound used for most medical purposes 
employs frequencies ranging 50kHz to 100 MHz. 

The term "standing wave" means that acoustic wave forms 
exhibited within a medium remain fixed in position while the amplitude 

1 5 of the waves fluctuate repetituously from maximum to minimum over 

the total operating distance of the wave. The distance between adjacent 
nodes or antinodes is equal to integer multiples of half-wavelength. 
The phases of wave forms between two nodes or antinodes are 
constant. 

2 0 In contrast, traveling waves have amplitudes that remain 

constant. A traveling acoustic wave can be characterized by a 
parameter of intensity. Intensity is the average power transported per 
unit area and is defined in a traveling acoustic wave. The intensity in a 

standing wave is zero. 

2 5 In accordance with the present invention, ultrasound frequencies 

greater than 20 kHz and less than 300 MHz are preferable, The most 
preferable frequencies are those which, when converted to 
wavelengths, are comparable to single or multiples of cellular 
dimensions. Such frequencies will provide oscillation and mechanical 

3 0 motions within the fine-structure of cells and lipid-bilayers that 

influence movements or fluid motions within the stratum corneum. 

The time period during which the standing wave is generated is 
typically from about 30 milliseconds to 60 minutes, more preferably 
from about 10 seconds to 20 minutes. The most preferred time is 30 

3 5 seconds to 3 minutes. 

Any type of device can be used to administer the ultrasound, 
which can be pulsed or continuous. The ultrasound is preferably 
continuous at lower frequencies and pulsed at very high frequencies to 
dissipate generated heat. 

5 
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The preferred intensity of the applied ultrasound is less than 
about 5.0 W/cm 2 , more preferably from about 0.2 to about 5.0 W/cm 2 , 
and most preferably from about 0.1 to about .03 W/cm 2 . 

In the process of the invention, the standing wave is established 
5 by generating an ultrasonic standing wave of a given frequency and 
distributing the wave over the surface of the skin. The "foot print" of 
the ultrasonic standing wave is not critical to the invention and is 
typically in the form of a circular or rectangular surface area. 

An ultrasonic standing wave can be established in a number of 
0 ways. One preferred apparatus capable of establishing a standing wave 
is a surface-acoustic-wave (SAW) device. SAWs are commercially 
available and are well suited for enhancing the permeation of the 
stratum corneum since the surface waves travel parallel to the surface 
and do not penetrate the skin to any significant degree, e.g., at most to 
5 about 100 micrometers. A SAW device is compact and can constructed 
so as to eliminate direct electrical contact with the skin by placing the 
electrical contacts on a side of the device away from the skin. A SAW 
device is typically characterized by an electrically excited surface 
acoustic wave in a piezoelectric single-crystal plate substrate by use of 

0 a metallic (e.g. aluminum) interdigital transducer (IDT) structure. As is 
understood in the art, an IDT structure comprises a row of metallic 
electrodes laying parallel and adjacent, but not touching each other. 
Each electrode has an alternating applied voltage potential. Typical 
substrates are quartz, lithium niobate, and lithium tantalate, but other 

1 substrate materials are known and are suitable for use in the invention, 
e.g., piezoceramics such as lead-zirconate-titanate (PZT), zinc oxide 
(ZnO), and polyvinylidene-fluoride (PVDF). The specific operating 
characteristics of these materials, such as direction of particle 
displacement of the wave, is defined by the cut of the substrate. The 
anisotropy of the piezoelectric crystals allows different angles of cut 
with very different properties. 

An alternate method of providing a standing wave is a transverse 
vibrating wire. The wire is secured at each end as to satisfy the 
standing wave resonant condition and is caused to vibrate at a desired 
frequency. The device is applied parallel to the skin and the field 
emanating from the side of the wire is used as previously described, 
e.g., to enhance permeation and mass transport. Structures resembling 
wires can also be fabricated from silicon or other suitable materials 
using microfabrication techniques well known in the electronic 

6 
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industry. Such structures can be made to operate analogous to metallic 
wires and can be incorporated and operated in a similar manner 
previously described for mating and extraction with skin. 

In further embodiments, a combination of ultrasonic transducers 
5 and reflectors is arranged on the surface of a patient extremity such 
that the necessary spacing of multiple number of half-wavelength of 
ultrasonic wave to establish a standing wave is satisfied. 

Single transducers can be positioned perpendicularly to the 
interface of different layers of skin or at the tissue-bone plane. 

1 0 Multiple transducers and reflectors can be positioned on the same 

plane. In one embodiment of a process of the invention, a transducer 
and a passive reflector are utilized to establish the standing wave. 

In yet another embodiment of the invention, a second transducer 
can be used as a reflector. The two emitting transducers establish the 
15 standing wave when they are operated at the same frequency and are 
positioned, as is well known in the art, to satisfy the multiple number of 
half-wavelength resonant conditions. 

As is well known in the art, the location of the transducer with 
respect to the reflector depends on the frequency of excitation needed 

2 0 to establish a standing wave via the interior of the skin. The half-trip 

distance of ultrasonic wave travel between the transducer and reflector 
should be equal to integer multiple number of half-wavelengths. 

A sinusoidal voltage at a given frequency is applied to the 
transducer to produce an ultrasonic wave that propagates from the face 

2 5 of the transducer. The wave travels through the interior of the skin 

and exits at the reflector of the same diameter but is reflected back to 
the source transducer. 

The half-trip distance between the transducer and reflector 
causes the wave to resonate and be confined between the transducer 

3 0 and reflector. The amplitude of the wave is controlled by the amplitude 

of the sinusoidal voltage signal. 

As is well known, the oscillation of the transducer can be 
stabilized to compensate for drift using the current-voltage phase 
relation occurring at the resonant response of the transducer. 
3 5 By changing the phases of the signals applied to each transducer, 

complex movement of tissues and microcirculation between tissues can 
occur creating more fluid flux through the skin (transudation). The 
transudate can then be analyzed using appropriate sensors and/or 
detectors. In preferred embodiments, an absorbent pad or material 

7 
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receives the fluid from which the content of fluid can be analyzed using 
appropriate sensors. 

In the processes and apparatus of the invention, impedance 
mismatches can be reduced by applying a coupling agent to the surface 
5 of the transducer and reflector. 

The coupling agent should have an absorption coefficient similar 
to that of water, be non-staining, non-irritating to the skin, and slow 
drying. It is clearly preferred that the coupling agent retain a paste or 
gel consistency during the time period of ultrasound administration so 
0 that contact is maintained between the ultrasound source and the skin 
Exemplary and preferred coupling agents are mixtures of mineral 
oil, glycerin, and propylene glycol, oil/water emulsions, and a water- 
based gel. A solid-state, non-crystalline polymeric film having the 
above-mentioned characteristics can also be used. 
5 The description and operation of a particular embodiment of the 

invention maybe understood with reference to Figure 1. As shown in 
Figure 1, the device 10 includes a housing 20 which surrounds the 
internal mechanism and provides one or more attachment sites 180 
(two shown) for fixing the device 10 to the patient's skin 200. The 
0 device 10 is configured to fit snugly on the surface of the skin. Within 
the device 10 is located the ultrasound source, e.g., fabricated from a 
thin PZT-5A piezoelectric crystal substrate 110. Typically, it is 
anticipated that the ultrasonic source 110 will be operating in the 
region of 1 to 3 MHz. Thus the thickness of a device operating at 1MHz 
5 is approximately 0.4 mm thick. A representative area of a substrate 
100 is 1 cm by 1 cm. Pairs of opposing metal electrodes 120 are 
deposited on the top surface of the PZT substrate. The distance 
between the electrodes 120 is determined by the operating frequency, 
in this example multiples of 2.26 mm. The metal electrodes 120 can be 
) approximately 1 micron wide and approximately 1 mm long. 

Alternatively, multiple finger- interdigital electrodes (not shown) can 
also be utilized. In such, embodiments, the electrode fingers are 
typically spaced at fractions of the operating wavelength from each 
other and two opposing IDTs are excited by sinusoidal inputs from a 
function generator and power amplifier. A battery 170 powers an 
electronic chip 140 capable of providing memory and control functions. 
In addition, the electronic chip 140 can provide sinusoidal outputs 
amplified in an appropriate manner as an alternative to the individual 
generator and amplifier. A display 160 provides means by which the 

8 
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operation of the device, its functioning and results are provided to the 
user. Optionally, the device can include a port (not shown) allowing 
connection to an external computer and thus allowing the health care 
provider the ability to more closely monitor the patient's condition. 
5 The excitation frequency of the SAW device might drift due to 

external conditions and operating environments. Therefore the 
electronic chip should contain a close-loop portion such a Phase-Lock- 
Loop (PLL). Since the SAW has two opposing IDTs, one of them can 
provide the feedback sensing input to the PLL. The chip 140 is also 
10 capable of providing a variety of other excitation functions such as 

square pulses. The chip 140 can also provide different modulation and 
phase shift functions to the SAW device. These modulation and phase 
shifts can provide additional bioeffects to the stratum corneum regions 
of the skin 200. By providing excitation to the IDTs 120, an acoustic 

1 5 beam is caused to propagate between the IDTs and a resulting wave is 

established within the region. The opposite side of PZT substrate is 
coated with a thin layer typically equivalent to about a one-quarter 
wavelength of material, typically glass 100, to maximize coupling to a 
1 coupling agent 150 between the substrate 110 and skin 200. 

2 0 The coupling agent also functions as a means for transporting 

extracted fluids containing the compound of interest (metabolites, 
diffusing species, etc.) to a sensor for detection. Permeation through the 
coupling membrane can take place by two mechanisms; viscous flow 
and diffusive flow. The viscous flow mechanism can facilitate the 
25 movement of extracted transudate and the diffusive flow can facilitate 
the diffusion of metabolites. A hydrated polymeric membrane or 
hydrogel can be formulated as to have the capacity to absorb more fluid 
in proportion to the solid proportion of the hydrogel. A specific volume 
of extracted transudate can then be transported to the hydrogel for 

3 0 subsequent analysis by appropriate detection means. As stated above, 

the coupling agent medium should have a similar impedance with skin 
when placed between the sound source and skin in order to provide 
efficient transfer of acoustic energy into skin. Since the acoustic 
impedance of skin is similar to the impedance of water, it is assumed 
3 5 that the acoustic wave is propagating in water and therefore the 
optimal configurations and characteristics of the extraction apparatus is 
designed to operate with a water interface. 

Optimally, the components of the device are housed in a thin 
molded plastic device 20, e.g., a patch. As shown in Figure 1, the 

9 
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excitation or control electronic chip 140 and the batteries 170 are 
preferably stored within a separate compartment or layer 190 of the 
patch. In this way the functional elements and the control electronics 
can be physically separated such that the sound source is attached to 
5 the skin and the electronics are contained in small package, similar to a 
electronic paging devices, that can be located elsewhere near or on the 
body, e.g., attached to a belt. Optionally, the excitation of a SAW device 
110 can be performed in a wireless fashion since the SAW is capable of 
receiving an excitation wave from a wave propagating through free 

1 0 space at specific wavelengths. In this embodiment, a separate sending 

unit containing electronic controls and transmitter provides the 
excitation wave. Preferably, the sending unit is located near the 
vicinity of the SAW-containing patch so as to minimize transmission 
requirements. The patch is attached to the surface of the skin via one 
15 or more attachment sites 180 using bioadhesives. In addition or 

alternatively, the patch can be further secured to the skin in the form 
of a bracelet or watch. 

When a standing wave from the sound source is applied to the 
surface of skin it is physically transferred into the skin through the 

2 0 glass 100 and coupling agent 150 layers. While not wishing to be 

bound by any one theory, the penetration of the wave into the skin is 
limited to within a few wavelengths beyond the thickness of the 
stratum corneum, which is approximately 15 micrometers. It is 
believed that the deepest penetration is approximately 100 

2 5 micrometers. As exhibited in any standing waves, cells and their 

constituents such as lipid-bilayers will migrate toward pressure nodes. 
The amplitude of displacement is determined by the elastic nature of 
the fine-structure of the stratum corneum. The stratum corneum will 
exhibit dense regions as well as regions sparse in materials. The cells in 

3 0 the stratum corneum such as keratenocytes that are asymmetric in 

shape, being long in one axis and short in another axis, will rotate to 
align with the preferred axis of the standing wave to minimize energy 
with the acoustic field. The lipid-bilayer channels between corneocytes 
provide regions capable of producing acoustic microstreaming near 
3 5 boundary layers. The microstreaming generate high velocity gradients 
which enhance mass transport of compounds within the extracellular 
fluid (ECF). The effect of the standing wave is thus to create transient 
intercellular pores through the stratum corneum. In conjunction with 
the surface standing wave, secondary standing waves are produced 

10 
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within the corneocytes. These secondary waves arise from flexural 
coupling modes of the corneocytes. Corneocytes contain approximately 
half water and half keratin and thus have boundaries defined by 
differences in densities. As material density is a parameter of the 
propagation of acoustic waves, velocity gradients are produced within 
the corneocytes which provide enhanced mass transport of ECF and 
subsequent intracellular permeation. The combined effect of the 
surface standing wave and the secondary standing wave is to produce a 
region of skin which exhibits enhanced permeability and convective 
transport of molecular species and fluids from one side of the stratum 

corneum to the other. 

The extracellular fluid (ECF) is extracted and diffuses through the 
transport medium. The transport medium is then analyzed for the 
presence or amount of the compound of interest. Of course, the 
particular analytical technique utilized will be selected depending on 
the compound of interest, ease of use, sensitivity, etc., and other factors 
well known to the clinician or diagnostician. The detection and analysis 
can be accomplished in situ or some or all of the transport medium can 
be removed from the device for analysis. Several different methods 
are know which are suitable for use in the method and apparatus of the 
invention, e.g., amperometric and optical detectors. 

Alternatively, a SAW device is used in the form of a mass sensor. 
A layer of the SAW substrate is coated with biologies, such as receptors 
or antibodies, reactive to ECF compounds or metabolites, and the 
presence of the compound is detected by changes in the SAW 
generated, e.g., a shift in the resonance frequency, a phase shift of the 
acoustic wave, or a shift in the amplitude of an acoustic wave. Since the 
preferred embodiments utilize a SAW device to extract ECF, it is 
advantageous to incorporate a portion of the substrate within a region 
capable of providing detection. In this embodiment, another pair of 
IDTs can be incorporated onto the SAW substrate in combination with a 
detection portion of the fluid transport/coupling medium. This portion 
of the fluid transport medium is coated with biologies providing 
specificity to the metabolites of interests. A separate set of electronic 
controls provides excitation of the second set of IDTs as well as 
detection of the frequency, phase, or amplitude shifts due to the 
presence of the analytes. The extraction and detection functions can 
operate at the same frequency or at combinations of frequencies. The 
spacing arrangements of the detection IDTs with respect to the 

11 
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operating surface provides optimal extraction and detection means 
When appropriate electronics are included, the SAW device can detect 
the presence of increase or decrease in fluid flow by a mass sensing 
.region and then compensate by the excitation region. Thus, such a SAW 
device can provide a complete system capable of controlling fluid 
extraction and feedback to as to optimize the ECF extraction 

Further alternate embodiments include a transducer eg PZT 
sandwiched between two thin isolated electrodes, and a reflector Any 
passive reflector can be used in conjunction with the transducer to 
establish an ultrasonic standing wave. The passive reflector is 
positioned in the apparatus such that, when the apparatus is contacted 
w,th skin, the half-trip distance of ultrasonic wave travel between the 
transducer and reflector is equal to multiple of a half-wavelength 

The size of the reflector contacting the skin is preferably the same 
1 5 as the size of the transducer that contacts the skin. 

In another embodiment, the reflector is a second transducer The 
second transducer is stimulated at the same frequency as the first 
transducer to create a standing ultrasonic wave. The position of the 
second transducer in the apparatus is such that, when the apparatus is 
contacted with the skin, the distance separating the transducers 
satisfies the multiple number of half-wavelength resonant condition 
Procedures for establishing such a distance are well known in the art 
Of course, these embodiments also include coupling agents/fluid 
transport medium as previously described. 

The present invention has been described with reference to 
preferred embodiments. Those embodiments are not limiting of the 
claims and specification in any way. One of ordinary skill in the art can 
readily envision changes, modifications and alterations to those 
embodiments that do not depart from the scope and spirit of the 
30 present invention. 
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WHAT IS CLAIMED IS 

1 A process of sampling extracellular fluid across the skin of an 

animal comprising establishing an ultrasonic standing wave across 
the skin and collecting fluid transudate. 

2. The process of Claim 1 wherein the standing wave is established 
by generating an ultrasonic wave of a given wavelength from an 
ultrasound transducer located at a first position on the external 
surface of the skin and reflecting that wave from an ultrasound 
reflector located at a second position on the surface of the skin, 
wherein the half-trip distance of ultrasonic wave travel between 
the first and second location is equal to integer multiple number 
of half-wavelengths. 

3. The process of Claim 2 wherein the reflector is a passive reflector. 

4. The process of Claim 2 wherein the reflector is a second 
transducer operated at the same frequency as the transducer at 
the first location. 

5. The process of Claim 1 further comprising the step of reducing the 
pressure on the surface of the skin in the vicinity of the ultrasonic 
standing wave. 

6. The process of Claim 5 wherein a partial vacuum is applied to the 
surface of the skin. 

7. The process of Claim 1 wherein the standing wave is generated by 
a surface acoustic wave device. 

8. The process of Claim 7 further comprising the step of reducing the 
pressure on the surface of the skin in the vicinity of the surface 
acoustic wave. 

9. An apparatus for the transdermal sampling of extracellular fluid 
comprising: 

1 3 
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a) means for generating an ultrasonic wave through skin of an 
animal; 

b) means for reflecting that wave sonically aligned with the 
means for generating such that when the apparatus is 
positioned on the skin the half-trip distance of ultrasonic 
wave travel between the means for generating and the 
passive reflector is equal to integer multiple number of 
half-wavelengths; and 

c) means for collecting fluid that transudates the skin. 

10. The apparatus of Claim 9 wherein the means for generating is an 
ultrasonic transducer. 



M. The 



13. 



apparatus of Claim 9 wherein the means for reflecting 
passive reflector. 



is a 



12. The 



process of Claim 9 wherein the means for reflecting 
transducer. 



is a 



The apparatus of Claim 9 further comprising means for reducing 
hydrostatic pressure on the external surface of the skin. 

14. An apparatus for the sampling of extracellular fluid across the 
skin of animal comprising: 

a) an ultrasonic wave transducer; 

b) a reflector for reflecting an ultrasonic wave generated by 

the transducer, wherein the distance between the reflector 

and transducer is such that, when the apparatus is 

positioned on the skin, the generated ultrasonic wave 

creates a standing wave beneath the skin; and 

0 absorbent material positioned to fluid that transudates the 
skin. 

15. An apparatus to enhance permeability of the skin comprising a 
surface acoustic wave device. 

16. The apparatus of Claim 15 further comprising a sensor for 
detecting a compound of interest in the extracellular fluid. 

14 
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17. The apparatus of Claim 15 further comprising a pad for delivering 
drug to the surface of the skin. 
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